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Abstract. Testes asymmetry theory predicts that males in good condition or mature age may be able to develop larger 
degrees of directional asymmetry than males in poor condition or younger age. In this study, we tested the testes 
asymmetry theory in the Bufo gargarizans. We found that B. gargarizans has a significant directional asymmetry in 
testes mass, with left testis being significantly larger than right testis. Male body condition was correlated with relative 
testes mass and absolute testes asymmetry, but not correlated with relative testes asymmetry. Therefore, we suggested 
that males in good body condition have the higher ability of sperm competition than males in poor body condition. 
Additionally, male age was correlated with absolute testes asymmetry, but not correlated with relative testes mass and 
testes asymmetry, thus not supporting the hypothesis that males with a higher degree of directional asymmetry sur-
vive better.
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Testes asymmetry theory predicts that directional 
asymmetry should be the norm because in many cases 
only one of the two testes is functional, with the other 
test having a compensatory role (Schärer and Vizoso, 
2007). In this case, males in good condition or relatively 
older age may be able to develop larger degrees of direc-
tional asymmetry than males in poor condition or small 
age (Møller, 1994; Birkhead et al., 1997; Graves, 2004). 
Directional testes asymmetry has been previously 
observed in birds (Birkhead et al., 1997) and mammals 
(Yu, 1998). Interestingly, in recent years similar results 
have been observed in some amphibians (Hettyey et al., 
2005; Zhou et al., 2011; Liu et al., 2011; Liu et al., 2012). 
The Asiatic Toad (Bufo gargarizans) is widely distributed 
in East Asia, including China and portions of the Rus-
sian Far East, but is relatively rare on the Korean Penin-
sula. These toads breed during late-winter in large ponds 
or paddy fields (Yu and Guo, 2013), while overwinter in 
the sand or ponds. This species avoids dense forests, and 
is associated with open habitats such as grasslands, open 
forests, and cultivated areas. They prefer humid areas, 
and seldom live at altitudes of more than 800 meters (Yu 
and Guo, 2013). 
However, we know little about testes asymmetry of 
B. gargarizans in relation to body condition and age. In 
this study, we examined whether the directional testes 
asymmetry occurs in B. gargarizans. Moreover, we tested 
whether positive correlations existed between degree of 
directional testes asymmetry, body condition and age.
Data were collected in vegetable fields of Nanchong 
city (30°35’N, 104°45’E; 300 m above sea level) in south-
ern Sichuan, China. A total of 56 male toads were col-
lected by hand at night in early-May, early-June, and 
early-September 2006, because the testis masses does not 
significantly change during the post-breeding season (i.e., 
after May) in the site (reviewed by Liu et al., 2011). Then, 
we took them to the laboratory and put those toads indi-
vidually in a circular bucket (15L) with fresh water of 15 
cm deep at room temperature for one night. 
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Snout–vent length (SVL) of each captured toad was 
measured using a plastic ruler to the nearest 1 mm, and 
its body mass was measured using an electronic balance 
to the nearest 0.01 g. Then, 56 male toads were killed by 
double-pithing. We dissected the toads and took out their 
two testes, weighing them to the nearest 0.1 mg. Follow-
ing Møller and Swaddle (1997) and Liu et al. (2011), we 
used two measures of testes to confirm degree of direc-
tional testes asymmetry: 1) absolute testes asymmetry, 
mass of the left testis minus the mass of the right (Liu et 
al., 2011); 2) relative testes asymmetry, the difference in 
testis mass / 0.5 (left-testis + right-testis mass) (Liu et al., 
2011; Liu et al., 2012).
We used paraffin section and Ehrlich’s haematoxy-
lin stain to produce histological sections of the pha-
langes. Age was determined by counting the number 
of lines of arrested growth (LAGs) in the sections. This 
technique has been shown to be a reliable tool for deter-
mining age for a variety of amphibian species (Smirina, 
1994), including Rana chensinensis (Lu et al., 2006), Bufo 
andrewsi (Liao and Lu, 2012).
Schulte-Hostedde et al. (2001) suggested that the 
measurement of live animals’ condition is typically done 
by regressing body mass on body size and the residuals 
of this regression are used as an index of body condition. 
Body condition was calculated using linear regression by 
entering body mass as a dependent variable and SVL as 
independent variable, and the residual mass was used as 
an index. Similarly, relative testes mass was defined by 
entering testes mass as a dependent variable and SVL as 
independent variable using linear regression, and resid-
ual mass was used as an index. We used paired t-test to 
evaluate difference in masses of the left and right testis. 
We performed Pearson correlations to analyse the rela-
tionship between male age and body size or body mass. 
The relationships between male condition (dependent 
variable) and absolute testes asymmetry or relative testes 
asymmetry or relative testes mass (independent variable) 
were analyzed by linear regression analysis. Also, we 
used linear regression to test the relationships between 
male age (dependent variable) and absolute testes asym-
metry or relative testes asymmetry or relative testes mass 
(independent variables). Statistical tests were performed 
by the software SPSS 14.0 for Windows (Statistical Prod-
uct and Service Solutions Company, Chicago). All values 
are reported as mean ± SE and all statistical tests were 
two-tailed.
Average SVL and body mass of males were 8.09 ± 
0.17 cm and 79.78 ± 4.64 g, respectively. Males had mean 
age of 2.32 ± 0.11 years (range: 1 to 4 years). Age was 
correlated significantly with male SVL (Pearson’s corre-
lation coefficient: r = 0.83, n = 56, P < 0.001) and body 
mass (r = 0.94, n = 56, P < 0.001). 
Testes mass of B. gargarizans did not vary significant-
ly during the post-breeding season (one-way ANOVA: 
F2, 53 = 2.48, P = 0.09). The testes mass of males showed 
directional asymmetry (Paired t-test: t = 3.17, df = 55, 
P = 0.002), with the left testes being significantly larger 
than the right ones in 71.43% of all the samples. The 
degree of absolute testes asymmetry was significantly cor-
related left testis mass with (r = 0.51, n = 56, P < 0.001).
We regressed body mass on male SVL, showing a 
highly significant regression (F1, 54 = 398.13, R2 = 0.881, 
P < 0.001, body mass = 25.78×SVL (cm) – 128.796). 
Male condition was significantly correlated with the 
degree of absolute testes asymmetry (body condition = 
0.21×absolute testes asymmetry – 1.522, F1, 54 = 4.94, P 
= 0.03; R2 = 0.084, Fig. 1A), but not related to relative 
testes asymmetry (F1, 54 = 0.99, P = 0.32; R2 = 0.018, Fig. 
1C). Relative testes mass significantly increased in males 
with better body condition (body condition = 0.044×rel-
ative testes mass (mg) - 0.051, F1, 54 = 5.77, P = 0.02; R2 = 
0.097, Fig. 1E).
Male age was significantly correlated with the degree 
of absolute testes asymmetry (age = 0.026×absolute testes 
asymmetry + 2.14, F1, 54 = 19.28, P < 0.001; R2 = 0.263, 
Fig. 1B), but not related with relative testes asymmetry 
(F1, 54 = 1.44, P = 0.23; R2 = 0.026, Fig. 1D). There was 
also no significant correlation between age and relative 
testes mass (F1, 54 = 0.02, P = 0.88; R2 = 0.00, Fig. 1F). 
Our study revealed that the left testis mass was sig-
nificantly larger than the right in the B. gargarizans. This 
result was similar to the pattern of testes asymmetry in 
other anuran species (Rana nigromaculata, Zhou et al., 
2011; Hylarana guentheri, Liu et al., 2011; Rana omei-
montis, Liu et al., 2012), while male frogs from all popu-
lations in Rana temporaria have larger right testes (Het-
tyey et al., 2005). Additionally, we found a significant 
positive relationship between the mass of the left testis 
and the degree of absolute testes asymmetry. This result 
was consistent with the hypothesis that left testes only are 
functional, and the right testis would increase in size if 
the left testis became nonfunctional (Møller, 1994; Birk-
head et al., 1997). Testes asymmetry might occur because 
of multiple reasons. For instance, maintaining two large, 
functional testes may be costly (Møller, 1994), and one 
testis may have higher efficiency in sperm production 
due to constraints during embryonic development (Kem-
penaers et al., 2002). 
Previous studies have suggested that testis asymme-
try may not be a good measure of male body condition 
(Birkhead et al., 1997). Our results showed that male 
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body condition was correlated with the degree of absolute 
testes asymmetry in B. gargarizans, but not correlated 
with the degree of relative testis asymmetry, suggesting 
that large males in good body condition had not a larger 
degree of testis asymmetry than small males in poor con-
dition. This result was not consistent with Hettyey et al. 
(2005) and Møller (1994). Interestingly, male body con-
dition was positively correlated with relative testis mass 
(Simmons and Kotiaho, 2002), suggesting that males in 
good body condition have the higher ability of sperm 
competition than males in poor body condition. Game 
theory models predict that ejaculate investment should 
increase with the risk and intensity of sperm competi-
tion (Parker, 1998). The testes should thus be relatively 
large when the likelihood of sperm competition is high 
(Møller and Briskie, 1995). Consequently, males in good 
Fig. 1. Relationships between (A) body condition and absolute testes asymmetry, (B) age and absolute testes asymmetry, (C) body condition 
and relative testes asymmetry, (D) age and relative testes asymmetry, (E) body condition and relative testes mass, (F) age and relative testes 
mass. Displayed values are untransformed data for easier interpretation.
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conditions are expected to have larger testes than males 
in poor condition with increased risk of sperm competi-
tion (Olsson et al., 1997). 
Previous studies have shown that testes asymmetry is 
age-related (e.g., Birkhead et al., 1997; Graves, 2004; Liu 
et al., 2012), suggesting that males with a higher degree 
of directional asymmetry survive better. However, we did 
not found age was positively correlated with the degree of 
relative testes asymmetry and relative testes mass. Liu et 
al. (2011) and Zhou et al. (2011) observed similar results 
in Hylarana guentheri and Rana nigromaculata, suggest-
ing that older males did exhibit a higher degree of testis 
asymmetry than younger males. A possible explanation 
was males have already attained full reproductive matu-
rity during the first breeding year (reviewed by Liu et al., 
2011).
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